Abstract: Fatty acid profile of crossbred beef cattle fed either a diet with corn gluten and protected fat (A) or a control diet (B) was evaluated. Animal's gender and diet had greater influence on fatty acid profile than genotype. Diet A increased polyunsaturated fatty acids/saturated fatty acids ratio and decreased t11/t10-18:1 ratio and n-6 content.
Brazilian cattle originate mainly (80%) from Bos indicus, which in general yields lower quality meat compared with Bos taurus. Consequently, crossbreeding of tropical climate adapted B. indicus breeds with B. taurus along with the use of more intensive finishing systems may be an alternative for tropical adaptation while enhancing meat quality. At the same time, trends in cattle diets in Brazil are in line with the major export market (i.e., the European Union), where a forage to concentrate ratio is fairly balanced (i.e., 1:1). Attempts to improve finisher diets have been made by providing a better quality protein (corn gluten) to support overall growth, and protected fats to increase the content of polyunsaturated fatty acids (PUFA) and their biohydrogenation products (BHP) once the fat is protect by microorganism biohydrogenation (Jenkins et al. 2008) . Understanding the effects of breed, diet, and gender and their interactions on the composition of intramuscular fat will assist in meeting consumers' requirements through development and implementation of strategies to optimize the fatty acid profile of Brazilian beef.
The objective of this study was to feed a control or a high-energy diet (i.e., with added corn gluten and protected fat) to bulls and heifers of tropically adapted beef cattle, and quantify the impact of sire breed, cow genetic group, gender, and diet on the fatty acid profile of intramuscular fat in commercially produced Brazilian beef.
After weaning (7.5 mo), 169 cattle (Embrapa Pecuária Sudeste Research Station, São Carlos, SP, Brazil) from Charolais or Hereford bulls (sire breed) crossed with ½ Angus × ½ Nelore (B. indicus) or ½ Simmental × ½ Nelore cows (Cow genetic group) were assigned randomly to one of two dietary treatments: (A) a highenergy diet with added corn gluten and protected fat or (B) a control diet. Diets were changed from grower to finisher (A1 to A2 and B1 to B2) when females and males reached 330 and 380 kg, respectively. Grower and finisher diets had forage to concentrate ratios close to 65:35 and 50:50, respectively. Control diets (B1 and B2) were based on corn silage, corn grain, and soybean meal. Diet A1 had corn gluten (6%) and A2 had corn gluten (3%), citrus pulp (8%), and protected fat (5% -Lacto Plus™ containing 42% 18:2n-6). Cattle were fed individually ad libitum for a total of 118 d. Animals were cared for under guidelines compatible to those laid down by Canadian Council of Animal Care (CCAC 2007) .
Cattle were slaughtered when reaching 5 mm backfat estimated by ultrasound measurements between the 12th and 13th ribs, at an average age of 13 mo and 419 kg. Cattle were slaughtered in a commercial abattoir, and carcasses were chilled overnight at 2°C. At 24 h post-mortem, a longissimus thoracis (LT) steak was dissected from the left side of the carcass between the 12th and 13th ribs, vacuum-packed and transported to the laboratory on ice. At the lab, the LT steak was cut into small pieces and lyophilized (Liotop, model L108 Liobrás, São Carlos, SP, Brazil). Dried samples were ground in liquid nitrogen in an analytical mill (model IKA A11 basic, Janke & Kunkel GmbH & Co. KG, Staufen, Germany) vacuum packaged and stored at −20°C until fat extraction. Lipids were extracted from dried LT with (2:1) chloroform:methanol, and extracts were methylated using 5% methanolic HCl. Separate methylations with 0.5 N sodium methoxide were conducted to correct for conjugated linoleic acid (CLA) isomerization. Fatty acid methyl esters (FAME) were analyzed using gas chromatography (GC) (acid and basic methylations; Kramer et al. 2008) .
Data were analyzed using the MIXED model COVTEST procedure of SAS (Statistical Analyses System Institute 2003). Fixed effects included gender, breed of sire, cow genetic group, diet, and their interactions. The percentage of intramuscular fat was used as a covariate. Individual animal within breed and diet was included as a random factor. Adjusted multiple R 2 was calculated for the full model according Edwards et al. (2008) . Relative contributions of each factor to variation of individual fatty acids were calculated as described by Juárez et al. (2012) .
Low R 2 values and large individual animal variation were observed for individual and total saturated fatty acids (SFA), as well as for CLA (Table 1) . This means the factors included in the model did not explain much of the variability observed in these fatty acids. Therefore, factors not included in the model may have larger influence on SFA and CLA. Similarly, other studies from Brazil (Fernandes et al. 2009 ) reported no gender effects on SFA and CLA content of intramuscular fat in cattle fed different diets.
The variability in cis-9-16:1, cis-9-18:1, and total cis-MUFA was well explained by the model (Table 1) . The main factor affecting these fatty acids was gender, followed by diet and sire breed. Heifers from diets A and B had higher (P < 0.05) cis-MUFA (42.7% and 43.8%, respectively) than bulls, with bulls from diet A showing lower content (37.4%) than bulls from diet B (40.2%). Progeny from Hereford sires had higher cis-MUFA (41.6%) than Charolais (40.4%; data not shown). Gender was also the main factor influencing variability in total PUFA and the PUFA/SFA ratio, followed by diet (data not shown). Total intramuscular fat content was determinate by Bligh and Dyer (1959) and differences in fat deposition rates may be responsible for the large effect of gender observed in certain fatty acids (data not shown). As the fat content of the animal and meat increases between early life and the time of slaughter, the proportions of fatty acids change. Growth fat curves are different for bulls and heifers, with shorter maturity stages in the latter (Fernandes et al. 2009 ). Hence, during the finishing phase, the rate of fat deposition is greater in heifers altering the fatty acids composition (Wood et al. 2008) .
The model explained a larger proportion of the variability for total trans(t)-18:1 and t11/t10-18:1 ratio than for the individual t-18:1 isomers (t10-18:1 and t11-18:1), with diet always being the main factor (Table 1) . Both diets led to relatively high levels of 18:2n-6 and long-chain n-6 fatty acids in intramuscular fat, suggesting the capacity for incorporation of PUFA into phospholipids is limited and that 18:2n-6 competes for incorporation much more effectively than 18:3n-3 products (Wood et al. 2008 ). Although individual n-6 and n-3 fatty acids were mainly affected by gender, diet explained the largest percentage of variability for the n-6/n-3 ratio. Several studies have shown that dietary n-6 and n-3 PUFA can be incorporated into adipose tissue and muscle of ruminants despite the biohydrogenation of dietary fatty acids in the rumen (Wood et al. 2008) , and t11-18:1 has been reported to be greatly influenced by diet (Dugan et al. 2011 ). In our study, the difference in t11-18:1 (diet A: 1.37% vs. diet B: 0.81%; data not shown) was greater than t10-18:1 (diet A: 0.48% vs. diet B: 0.15%). Thus, the t11/t10-18:1 ratio from diet B (5.78) was much higher (P < 0.001) than from diet A (3.41), explaining the larger effect of diet on the variability for this ratio (data not shown). An increase in t11-18:1 and a decrease in t10-18:1 may be an avenue to generate beef products with a healthier fatty acid profile (Dugan et al. 2011) . Thus, the high-energy diet (diet A) had opposite desirable effect, leading to a t-18:1 isomer profile. Dietary mediated changes in microbial populations and biohydrogenation processes may be responsible for these shifts in fatty acid profile (Dugan et al. 2011 ). Supplementation with fat or high-energy diet can alter microbial populations, because of differences in the way the feed is processed in the rumen (Wood et al. 2008) , altering biohydrogenation and (or) de novo fatty acid synthesis. Although diet A always led to higher levels of n-6/n-3 ratio than diet B, this effect was more evident in progeny from TA cows (5.35% vs. 4.75%, respectively; P < 0.05) than in progeny from TS cows (5.60% vs. 4.33%, respectively). This difference explains the interaction between diet and cow genetic group. However, looking at the relative percentage of variability explained by each factor, diet had more of an effect than gender, likely because of higher levels of n-6 in diet A, while the n-3 contents were the same for both diets.
The largest effects due to sire breed (6%-10% of the total variability explained by the model) were observed for 14:0, c9-18:1, 20:4n-6, 20:5n-3, 22:5n-3, and total n-3 (Table 1) . Cow genetic group explained between 10% and 15% of the total variability explained by the model for individual n-3 fatty acids, total n-3, and SFA content. Breed and genetic components have been reported to have a large influence on beef lipid profiles (Sevane et al. 2014) . For example, intramuscular fat from the double muscling genotype (mh/mh) within the Charolais breed has lower proportions of c9-18:1 and higher proportions of 18:2n-6 than the normal genotype (+/+). The effect of the genotype on oleic acid (c9-18:1), the major fatty acid in meat and predominant in the neutral lipid fraction, has been reported to be the highest, compared with other fatty acids. In fact, it has been reported that large, lean breeds, such as Charolais, have lower levels of MUFA than smaller, early maturing breeds, such as Aberdeen Angus or Hereford (Sevane et al. 2014 ). On the other hand, the effect of sire breed and cow genetic group on PUFA (n-3 and n-6 fatty acids) could be again related not only to variations in fat deposition rates, but also to differences among genotypes in the activity of specific enzymes involved with lipid metabolism (elongases and desaturases; Knight et al. 2004) .
The largest impact of the improved diet (added corn gluten and protected fat) was a desirable influence on the fatty acid profile with higher PUFA and PUFA/SFA ratio and with lower t11/t10-18:1 ratio, but, on the other hand, higher n-6/n-3 ratios. This should be considered when including these ingredients in diets as part of management strategies to improve animal performance and increase some healthier fatty acids. The effects of sire breed and cow genetic group on PUFA show potential for improving these traits in Brazilian beef using genetic selection. d Σ trans-18:1 = sum of t6-18:1, t9-18:1, t10-18:1, t11-18:1, t12-18:1, and t13 + t14-18:1. e Σ CLA = Σ conjugated linoleic acid (sum of c9 t11-18:2, c9 t11 t15-18:3, and 20:3n-9).
f Σ n-6 = sum of 18:2n-6, 20:4n-6, 20:3n-6, and 22:4n-6 . g Σ n-3 = sum of 18:3n-3, 20:5n-3, 22:5n-3, and 22:6n-3.
h Σ PUFA = Σ polyunsaturated fatty acids (Σ n-6 + Σ n-3).
